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By Arth.ur H. Bel l ,  R .  Lee Nelson 
and Paul H. Ric2ard 
An i a v e s t i g ~ t i o n  was conducted t o  compare t he  knock-limited 
perfomance of a 20-percenb t r i p t ane  blend i n  28-K f u e l  with t h a t  
of 28-R and 33-R f u e l s  a t  high 6uigin0 speeds, c r u i  ~ i n g  speeds, 
and two compression r a t i o s  i n  a n  K-1830-94 ~ou l t i cy l i nde r  engine, 
Data were obtained w i t h  the  standard compression r a t i o  of 6.7 
and with a ccmpression r a t i o  of 3,O, The th ree  f u e l s  were inves- 
t ign ted  a t  engine speeds of 1800, 2250, 2600, and 2800 rpm a t  high 
and low blower r a t i o s .  A carburetor-e i r  temperature of epproxi- 
mate1.y 1900 F was maintained f o r  the multicylinder-engine runs,  
Data were obtained on a s ingle  R-1830-94 cylinder engine a s  a 
means of checking the  mult icylinder da ta  a t  the  higher speeds. 
A s a t i s f a c t o r j ~  cor re la t ion  between aversge mixture tempera- 
ture and knock-limited manifold pressure was obtained by p lo t t i ng  
knock-limited mmifold  pressure lzgainst average mixture tenpera- 
t u r e  f o r  the  %-hole range of engine speeds a t  constant carburetor- 
a i r  temperature and cylinder-head tem2erature. The s ingle-  
cylinder Imock-l.im; teci perf ormence based on cinarge-air f low matched 
t h a t  of the  ~ u l t i c y l i n d e r  engine wi thin  6 percent under a l l  the 
conditions except f o r  28-R f u e l  a t  2800 rpm; these cwves  d i f fe red  
from ecc3 o ther  by 11 percent i n  the  r i ch  region. The knock r a t i n g  
of 35-F( f u e l  was found t o  be a l i t t l e  higher than t h a t  of the 
20 -~e rcen t  t r i p t aue  blend and 26-R f u e l  a t  high mixture temperatures 
( a b ~ v e  2ic0 3') and lean mixtures. The 33-R f u e l  e f i i b i  ted r i ch  
knock l i m i t s  appreciably lower than the  20-percent tr iptarle blend, 
Increasing the compression r a t i o  from 6.7 t o  8,O lowered the  knock- 
l lmi ted manifold pressure f o r  a l l  f u e l s  approximately 15 t o  18 inches 
of mercury absolute i n  the c ru i s ing  range rind 20 t o  28 inches of 
mercury absolute a t  higher eng?ile speedc, Brake spec i f i c  f u e l  con- 
s;unption w a s  reduced 7 t o  9 percent by the  increase i n  compression 
r a t i o  from 6.7 t o  8,0, 
INTRODUC TIOB 
A t  the  r e g ~ e s t  of th.e A i r  Materiel  Comand, Axmy A i r  Fox=ces, 
in~zest ignt ions  ha-fe been cond~xcted a t  the IQACA Cleveland laboratory 
t o  eval.uate tho knock cha rac t e r i s t i c s  of high-performance f u e l s ,  
The program i n ~ l u d e d  f l i g h t  d e t e m i s i t i o n s  2 3  a B-24 a i r p l m e  
(R-1850-94 mult icylinder engine) , f u l l - s c a l e  R- 1030-94 s ingle-  
cylinrler  determination.^, and I?-3 and F-4 eva1;nations of the knock 
ch8,racter is t ics  of t r i p t a a e  blends, Results  of th.e f l i g h t  invest3.- 
gat ions  a re  given i n  references 1 t o  3 and t'ile R-3.830-94 single-  
cylinder c o o l i n g - c ~ r ~ e l a t i o f i  data  a r e  presented i n  reference 4 ,  
Reference 5 is  a sunma.ry evaluat ion of th.e performance of triptrwie, 
The inves t iga t ion  reported here ln  was conducted with two com- 
pression r a t i o s .  The determinations obtairled wit'n the  standard 
compression r s t i o  of 6,7 provide ,o bas i s  of comparison f o r  the  
determinations a t  a compression r a t i o  of 8.0, High-canpression 
engines a r e  being considered as a rnear?r1s of using the po t en t i a l  yer- 
formaace cf high sntiknock 2uels  inasmuch a s  f u l l  u t i l i z a t i o n  of 
the  q u a l i t i e s  of these f u e l s  i n  cur ren t ly  used engines i s  usual ly  
impractical  owing t o  cooling l imi ta t ions .  
A s  one of the phases of the fuel -evaluat ion program, an inves- 
t i g a t i o n  has been cond~ncted t o  obta in  knock curves f o r  28-R and 
33-R f u e l s  and a blend of 23-percent t r i p t ane  and 28-R f u e l  at high 
eneine speeds, Knock data  have pyeviously been obtained a t  c ru i s ing  
engine speeds of 1800 and 2250 rpm (references  1 t o  3 ) .  Knock data  
t h a t  were obtained i n  a t e s t - s t and  R-1830-94 Bngirle and i n  a s ingle  
R-1830-94 cylinder engine with the  three  f u e l s  described i? r e f e r -  
ence 3 ( 2 ~ - R ,  33-R, and a blend of t r i p t ane  and 28-R) a r e  presented; 
these data  extend the range of engine data t o  2600 an6 2800 rjg, 
Inasn~uch a s  t h i s  inves t iga t ion  Is an extension of the f l i g h t  
invest igat ions ,  Bome form of clzeck was needed t o  es tabl ish .  a cor- 
r e l a t i o n  between the  f l i g h t  and. t e s t - s t=d  r e s u l t s .  Data, f o r  seve.ra1 
knock-limit curves were ' therefore  obtained i n  runs i n  which the same 
carburetor-air  temperature and engize-cooling condit ions t h a t  were 
s e t  i n  f1igh.t were maintained as c lose ly  a s  poss ible ,  
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An R-1830-94 enwine (110, P-141538) was insta, l led i n  a cabl-e- 
mounted t e s t  s tand and was  provided with a standard C-47A cowling, 
A photograph cxf the  engine and par t  of the c e l l  and the  tes t -s tand 
equipment i s  shown i n  f i gu re  1, Power was a-usol'bed by a 1-0-foot, 
+inch, three-blade hydromatfc propel ler  equipped with a ~ t a n d a r d  
governor, 
Power data  were obtained from a pressure gage ca l ib ra ted  i n  
brake mean e f f ec t i ve  pressure, which was actuated by n s-tandard 
P r a t t  & Whitney torquemeter, Cylinder temperatures were mazntained 
within close l i m i t s  by a cooling fan ,  which drew cooling a i r  over 
the  engine, The speed of the f a n  was control1a.bl.e e i t h e r  manually 
o r  automatically by var ia t ion  i n  the  temperature of the ho t t e s t  cyl- 
inder ,  Individual  short  stacks permitted atnosph.eric exhaust 
condit ions,  
Engine temperatures were observed 2nd recorded with an indi-  
ca t ing potentiometer and a recording p o t e n t i o ~ e t e r ,  r essec t ive ly ,  
Temperatures automatically recorded were rear-middle-barrel temper- 
a tu re ,  mixture teuperature, and rear--spar?r-plug-gaske"cem9era'ture. 
Rear-spark-plug-boss temperatures were used. t o  control  the  cooling- 
blower speed and were manually recorded. A camera was used t o  
pl~otograph. the  54-tube manometer board t ha t  indicated cylinder- 
cooling pressures. A ca l ibra ted rotameter indicated r a t e  of f u e l  
flow. 
Some of the  spec ia l  eguipmarlt and a l t e r a t i o n s  t o  the engine 
necesoary f o r  t h i s  invest igat ion are:  (1)  i n s t a l l a t i o n  of 
yressure-tyye knock-detectlon equipment i n  the cylinders and 
attachment of themnocouplea and p r e ~ s u r e  tubes on each cylinder, 
a s  explained i n  reference 1; ( 2 )  ins ta l - la t ion of an a i r  bleed 
across  the  diaphragm of the air-metering chamber of the carbuxetor, 
vhich made it possible t o  vary the  f v.el flow i n  incre-ruerlts smaller 
than those possible with the standard. mixtwe-control  lever;  
(3)  a l t e r a t i o n  of the f r o n t  sugercharger o i l  s ea l s  (reference 6) + 
Combustion a i r  was supplied from the laboratory system, which 
included a xn l t  f o r  control  of the carburetor-air  temperature, a 
6- inch f l a t -p l a t e  o r i f  i ce  f o r  measurement of a i r  flow, and an aux- 
i l i a r y  blower t ha t  was used when It was necesnary t o  supply 
carburetor-deck pressures hi-gher than could be obtained a t  wide- 
open t h r o t t l e  a t  a given engine speed, 
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The single-cylinder t e s t  equipment is ~ i m i l a r  t o  that desc~ ibed  
i n  reference 4, but a high-speed valve gear was so ins ta l led  i n  the 
crankcase that  the vtllves i n  the single cylinder would more closz1:- 
follow the action of multicylinder valves a t  b i ~ h  speeds, 
FUELS APaD ENGIITE O'YERATZNG CONDITIONS 
Knock determinations i n  th.18 program were run on the following 
three fuels :  
20-percent tr:pta,ne 1 109 1 147 
i n  28-R (by volume) 
lead-ed t o  4.6 m l  
'TEL /ga 1 
33-R . - - -  
Fine 1 
The two compression r a t  ios  employed i n  t h i s  investigation were 
6.7 (standard) and 8,O (with P ra t t  & Whitliey pist0.n No. 40,105), 
The imyeller d i a ~ e t e r  was 11,3 inches and the impell-er-gear ra.t 50s 
were 7,15:1 and 8.47:1, The following engine operating conditions 
were maintained constant d~wi.ng t h e  investigation: 
Rat ixg 
(reference 7) 
--. -. 
Spark advance, deerees B.T.C, . . . , , , . . . . . . . , , . , 25 
In l e t - a i r  temperature a t  carburetor deck, OF, . , . . . , , , . 100 
b l e t - o i l  temnerature, O F  . , , . . . . . , , , , . . . , . . 15025 
Cylinder temperatures of the mult?cy7!in(ier engine were con- 
t ro l l ed  according to  two different  c o o l i q  procedwes, I n  the f i r s t  
method, the temperature of the rear-spark-plug boss on the hot test  
cylinder was held a t  a constant value of 4R0° F i n  order t o  ap2rox- 
iroate a rear-spark-plug-gasket temperature of 450° F, which i s  the 
maximum allowed by the manmMactwer, Sufficient data t o  check that 
obtained i n  f l i g h t  were obtained by a second procedure used on the 
multicylinder engine i n  which the cooling-air pressure drop was 
held constant f o r  the ser ies  of runs that  comprised a given knocl: 
curve, The pressure drop Ap as  plotted on the f igures  was cor- 
rected by the fac tor  17.34 x barometric pressure which is 
a.bsolute a i r  temperature 
denoted by 5, 
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I n  the  single-cylinder runs, the  rear-spark-plug-gaslret temper- 
a tu re  w a s  held constant at 420° F, which represents  the  average 
rea r -  spark-plug-boss temperature of the  t es t - s tand  engine a t  t he  
engine conditions previously l i s t e d .  
I n  runs t o  obta in  th.e knock curves f o r  the  mult icylinder engine, 
tire f ue l - a f r  r a t i o  was varied tlzrough a succession of points over a 
range from approximately 0,055 t o  0,10, I n  order t o  s e t  a knock 
point ,  the  manifold r ressure  and the  f u e l  flow were adjusted u n t i l  
four  t o  s i x  cylinders showed knock on the oscilloscope screens, 
Approximately 4 minutes were allowed f o r  engine operati.% con- 
d i t i ons  t o  s t a b i l i z e  before da ta  were recorded; t he  recording of 
e s s e n t i a l  data  requ2red approximately 1 minute, 
RESULTS AND DISCUSSION 
Test-Stand Data 
The knock data f o r  the three  fue l s ,  28-R, 20-percent t r i p t ane  
i n  28-R, and 33-R, a re  presented i n  f igure  2; figures ~ ( a )  t o  Z(e ) a r e  
arranged i n  order of increasing s~~pe rchn rge r  impeller speed and 
show knock- l imi ted performance a t  the  various engine conditions, 
Data, which a r e  presented i n  f igures  2 (a )  and 2(b)  and were obtained 
a t  1800 and 2250 r-pm, respectively, and low blower r a t i o ,  show t h a t  
with the  higher compression r a t i o  the  knock-limited man2fold pres- 
sure was lower than t h a t  with the standard compression r a t i o  (6.7) 
by an average of 15 t o  18 inches of mercury. A t  tlie higher erigine 
speeds ( f i g s ,  2 (c )  t o  2 ( e ) ) ,  the  difference i n  knock-limited mani- 
f o l d  pressure a t  the  two compression r a t i o s  was even greater ,  t ha t  
is,  20 t o  28 inches of mercury, 
The brake spec i f ic  fuel. consuunption observed a t  a compression 
r a t i o  of 8.0 i s  compared i n  fip,ure 3 with t ha t  observed a t  a com- 
pression r a t i o  of 6.'7. The brslre spec i f i c  f u e l  conaumption t ~ a s  
reduced 7 t o  9 percent by the increase i n  compression r a t i o .  Brake 
spec i f ic  f u e l  consumption data  observed a t  two spark advances, 25O 
and 3Z0 B,T.C,, a r e  coiparod i n  f igure  3 ( c ) ,  The use of a spark 
advance of 32O B.T,C. r esu l ted  i n  brake spec i f ic  f u e l  consum?tions 
lower than that with standard spark ~dvance  (250 3.T,C,) a t  f ue l -  
a i r  r a t i o s  below 0.07 but had l i t t l e  e f f ec t  on brake s r e c i f i c  f u e l  
consumption a t  f u e l - a i r  r a t i o s  above O,O7 .  
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Plots  of knock-limited manifold pressure against average m i x t ~ ~  
temperature f o r  both compression r a t i o s  and a t  three fue l - a i r  ra t ios ,  
0.090, 0.075, and 0.065 aye presented i n  figure 4, The curves of 
f igure 4 were obtained by cross-?lotting !mock curves from f i g w e  2 
f o r  various ewine  speeds and blower r a t i o s  t o  obtain, a t  constant 
fue l -a i r  ra t io ,  1mock re la t ions  covering the en t i r e  range of mixture 
temperatures and engine speeds. These p lo ts  define f a i r l y  smooth 
curves desL)ite changes i n  mixture temperature caused by changes i n  
both engine speed and i n  'ulower-gear r a t i o  from 1800 rpm, lorr blower, 
t o  2800 r p m ,  high blower. Such curves, besides being useful f o r  com- 
parisons among fue l s  over the en t i r e  range of ogeration, provide an 
indication of the re la t ive  temperature sens i t iv i t i e s  where increase 
i n  mixture temperature i s  primarily caused by increz,se i n  e q i n e  
speed and blower r a t i o  a t  constant carburetor- a i r  temperature. 
I n  f igure 4 a t  seveye conditions (high mixture temperatures 
abo7:e 210° F and lean mixtures), multicylisldor engine data d ~ ~ ~ l i c a t e s  
the order of F-3 rat ings v i t h  28-R f u e l  low, t r iptane blend inter-  
mediate, and 33-R f u e l  high. A t  milder conditions (low mixture tem- 
peratures),  the F-3 rat ings a re  not indicative of r e su l t s  obtzined 
i n  these investigations and 33-R fue l  exhibited r i c k  knock l i m i t s  
( fue l - a i r  r a t i o  of 0.09) a2preciably lower than the 20-percent t r ip -  
tane blend. The F-4 ratings are  ver if ied i n  sequence, i f  not i n  
magnitude, a t  a fue l -a i r  r a t i o  of 0.09 over most of the temperature 
range 
Knock data obtained a t  2800 rpm and high blower r a t i o  with 
28-R f u e l  are presented i n  figure 5. For purposes of t h i s  discussion, 
engine temperature i s  the temperature of the hot test  cylinder head- 
on the engine and maximum temperature is the highest value on the 
curve of engine temperature plotted against fue l - a i r  r a t i o .  The 
curves show the difference i n  knock l i m i t  obtained by using two 
s l igh t ly  different  maximum temperatures (480° and 440° F) i n  region 
where the knock l i m i t  i s  low. This great decrease i n  knoclc l l m i t  
w i t h  increased cylinder temper~ture i s  a~ ef fec t  that  has occurred 
i n  these runs only a t  high mixture temperatures where the knoclr l i m i t  
i s  low a t  low cylinder temperature and where the small irfluence of 
increased cylinder tempe13ature i s  amplified by the e f f ec t  of exhaust 
back pressure. The ef fec t  of exhaust back pressure on knock l imi ts  
has been presented i n  d e t a i l  i n  reference 8. This effect  was not 
encountered i n  the present s i ~ ~ l e - c y l i n d e r  investigations.  
Knock curves obtained with. 28-R fue l  a.t 2259 rpm under two d i f -  
fe rent  methods of cooling-air pressure control are  shown i n  f igure 6 ,  
The f i r s t  method is  that  of maintaining the rear-spark-plug-boss 
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temperature of the hot test  cylinder constant a t  4800 F and the sec- 
ond method is tha t  of holding a cooling-air pressure drop constant 
a t  the value tha t  gives a maximum temperature approximately equal 
t o  the constant engine temperature used i n  the f i r s t  method men- 
tioned, The knock curves obtained with these two cooling methods 
show l i t t l e  difference over the normal range of fue l - a i r  r a t i o ,  
Reproducibility of knock limits was very sat isfactory and was 
unaffected by engine wear over the period of investigation. With 
the pressure-type knock pickups and equipment used, determination 
of the s l ightes t  t race of knock was possible with great c l a r i t y  a t  
a l l  engine speeds and good reproducibili ty was part ly  a resu l t  of 
the a b i l i t y  t o  adjust engine operating conditions to  the same knock 
in tens i ty  f o r  a l l  points. Engine wear was not a fac tor  i n  this 
investigation and a f t e r  com~let ion of the runs a t  high compression 
r a t i o  and high power the general condition of the e.ngine was very 
good. 
Checks of F1igh.t Data 
A number of Imock curves fo r  28-R fue l  were obtained. with. the 
test-stand e.ngine a t  cooling and carburetor-air conditions intended 
specif ical ly  t o  check f l i g h t  data previously obtained w i t h  another 
R-1830-94 engine instal led i n  a B-24D airplane. (see reference 2,) 
A s  an example of a representative check between test-stand and 
f l i g h t  data, f igure 7 i s  presented fo r  an engine speed of 1800 rpm 
asLd low blower r a t io .  I n  contrast t o  the conditions maintained f o r  
most of the curves of test-stand data presented, constant cooling- 
a i r  pressure drop and a carburetor-air temperature of 90° F were 
used i n  the f l i g h t  investigation. Check curves o r  points were 
secured f o r  f ive  f l l g h t  knock curves, one of which is shown i n  
f igure 7; four resulted i n  sa t i s fac tory  checks (manifold pressure 
within 2 i n ,  of Eg absolute) a t  a fue l - a i r  r a t i o  of 0,065 and a l l  
proved sat isfactory a t  a fue l - a i r  r a t i o  of 0.090. For the s e t  of 
data tha t  did not check a t  lean mixtures, the f l i g h t  data unaccount- 
ably f e l l  lower than tha t  f o r  the test-stand engine. Later inves- 
t igat ions of a similar nature with enother model of the R-1830 
engine have shown be t te r  agreement between test-staildl and f l i g h t  
data obtained with the same engine than was obtained f o r  the runs 
with different  engines of the same type, 
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Comparison with Single-Cylinder Data 
Single-cylinder check data were obtaine6 a t  2600 and 2800 rpm 
i n  an R-1830-94 cylinder mounted on a CUE cmnkcase. Mixture tem- 
peratures were se t  t o  duplicate both the high and low blower. mixture 
temperatures of the multicylinder engine a t  these engine speeds, 
Single-cylinder data obtained a t  2600 and 2800 rpm with mixture tea- 
perature adjusted t o  simulate low-blower-ratio conditions are pre- 
sented i n  f igure 8 asla compared with the multicylinder curves of 
knock-limited a i r  flow per cylinder, mixture temperature, an& rear- 
spark-plug-gasket temperature a t  various fue l -a i r  r a t io s ,  Multi- 
cylinder knock curves are  lower than those of the single cylinder 
i n  the region between fue l - a i r  r a t i o s  of 0.07 and 0,09 but data 
from the two engines clieck within 6 percent under a l l  conditions 
except with 28-R f u e l  a t  2800 r$m where differences of 11 percent 
were encountered, Differences i n  fue l - a i r  r a t i o  between cylinders 
of the multicylinder engine might explain most of these variations 
between knock curves of the two engines. 
The knock-limited perfoxroance of a t r iptane blend i n  comparison 
w i t h .  28-R and 33-R fue l s  i n  an R-1830-94 mult5cylinder engine can be 
summarized a s  follows: 
1, Data over a wide range of engine operating conditions 
(1800 rpm, low blower, t o  2800 rpm, high blower) provided a sa t i s -  
factory correlation between knock-limited manifold pressure and 
average mixture temperature, This correlation was not investigated 
f o r  variable carburetor-air temperature nor f o r  var iat ion i n  head 
temperat w e .  
2, Satisfactory check data were obtained f o r  f l i g h t  and t e s t -  
stand engines a t  the same engine operating conditions, For th.e se t  
of data tha t  did not ch.ec!c a t  lean mixtures, the f l i g h t  data 
unaccountably f e l l  lower than that  f o r  the test-stand e.ngine , 
3,  The single-cylinder lmock-limited performance based on 
charge-air flow matched tha t  of the m ~ ~ t i c y l i n d e r  ngine within 
6 percent under a l l  of the conditions except f o r  2%-R fue l  a t  
2800 rpm where the performance differed by 11 percent, 
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4. The knock ra t ing  of 33-R fue l  was found t o  be a l i t t l e  h i e e r  
than that of the 20-percent t r iptane blend and 28-R f u e l  a t  high mix- 
ture temperatures (above 2100 F) and lean mixkures. The 33-R f u e l  
exhibited r i c h  knock l r i m i t s  (0,09 fue l -a i r  r a t i o )  appreciably lower 
than the 20-percent t r iptane blend, 
5. For engine-coollng conditions where maximwo head tempera- 
tures  were of about the same magnit~xde, l i t t l e  difference i n  knock 
limits was observed f o r  curves obtained with constant cooling-air 
flow o r  with constant cylinder-head temperature, 
6 ,  Increasing the compression r a t i o  from 6,7 Lo 8,O lowered the 
knock-limited manifold pressure f o r  a l l  f u e l s  approximately 15 t o  
18 inches of mercury absolute a t  cruising speed and 20 t o  28 inches 
of mercury absolute a t  higher engine epesds. 
7. Brake specific fue l  consumption was reduced 7 t o  9 percent 
by increasing compxession r a t i o  from 6,7 t o  8.0.' 
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~ t l o ;  auxiliary b o o s t  u s e d  a t  m a n l f o l d  
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F i g u r e  2 .  - Knock- l lmlted performance o f  R-1830-94 m u l t l c y l l n d e r  e n g i n e .  Carburetor-  
a i r  t e m p e r a t u r e ,  1 0 0 0  F ;  r e a r - s p a r k - p l u g - b o s s  t e m p e r a t u r e ,  4800 F ;  spark advance .  
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(b) Englns  speed ,  2250 rpm; low blower  r a t l o ;  a u x i l i a r y  b o o s t  u sed  a t  man l fo ld  
p r e s s u r e  ahove 45  i n c h e s  mercury  a b s o l u t e .  
F i g u r e  2. - Cont lnued .  Knock-lJm1ted performance of  R-1830-94 m u l t l c y l l n d e r  eng ine .  
C a r b u r e t o r - a l r  t e m p e r a t u r e ,  100°  F ;  r ea r - spa rk -p l r l g -bos s  t e m p e r a t u r e ,  4R0° F ;  
s p a r k  advance ,  250 B.T.C. 
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( c )  E n ~ l n e  speed ,  2600 rpm; low b lower  r a t i o ;  a u x i l i a r y  b o o s t  u sed  a t  man l fo ld  
p r e s s u r e  above 47 i n c h e s  mercury  a b s o l u t e .  
* i  u r e  2. - Cont lnued.  Knock- l lml ted  performance o f  R-18W-94 m u l t i c y l l n d e r  e n g l n e .  
& i r b u r e t o r - a i r  t e m p e r a t u r e ,  1000 F ;  r e a r - s p a r k - p l u c - b o s s  t e m p e r a t u r e ,  4800 F; 
s o a r k  advance .  25O R.T.C. 
( d )  Englne speed, 2800 rpm; low blower r a t l o :  a u x l l l a r y  boos t  used a t  manlfold 
pressure above 50 lnches  mercury abso lu te .  
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Figure 2 .  - Contlnued. Knock-llmlted performance of R-1830-94 mul t l cy l inder  eng lne .  
Carburetor-air temperature, 100° F ;  rear-spark-plug-boss  temperature. 480° F ;  
spark advance, 25' B.T.C. 
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Flgure 2. - Concluded. Knock-llrnfted performance of R-1830-94 multlcyllnder englne. 
Carburetor-alr temperature. 100° F; rear-spark-plug-boss temperature, 480° F; 
spark advance, 25' B.T.C. 
(a) Engine speed ,  1800  rpm; h i g h  
blower r a t i o ;  manl fo ld  p r e s s u r e .  
40 l n c h e s  mercury a b s o l u t e .  
0s .o? .CB .o¶ . 
F u e l - a l r  r a t  l o  
( b )  Engine speed.  2250 rpm; low 
biower r a t l o ;  man!lold p r e s s u r e .  
3 0  l n c h e s  mercury a b s o l u t e .  
( C )  Engine speed ,  1800 rm; high 
blower r a t l o ;  manl fo ld  p r e s s u r e .  
3 0  l n c h e s  mercury a b s o l u t e .  
F i g u r e  3. - E f f e c t  of change i n  compression r a t i o  on b rake  s p e c l f l c  f u e l  consumption o? R-1830-84 m u l t i c y l i n d e r  eng ine .  C a r b u r e t o r - a l r  t e m p e r a t u r e ,  100' ?; 
r e a r - s g a r k - p l u g - b o s s  t e m p e r a t u r e ,  480° F. 
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F l g u r e  4 .  - Knock- l lml ted  m a n l f ~ l d  p r e s s u r e  a s  a f f e c t e d  by a v e r a g e  rn lx ture  t e m p e r a t u r e  i n  
R-1830-94 m ~ l t l c y l l n d e r  e r r ~ l n e  a t  a l l  s p e e d s  and  blower r a t . 1 0 ~ .  ( C r o s s  p l o t  of f i g .  2.) 
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F i g u r e  5. - Change i n  knock- l iml ted  performance of  R-1830-94 m u l t i c y l l n d e r  e n ~ l n e  calrsed 
by change i n  cy l inder -head  t empera tu re .  h ~ i n e  speed,  2800 rpm; h i g h  blower r a t i o ;  c a r -  
b u r e t o r - a i r  t e m p e r a t u r e ,  1000 F ;  spark  advance,  250 B.T.C.  ; f u e l ,  28-R. No a u x l l l a r y  
F i g .  6 
F i g u r e  6 .  - E f f e c t  of d l f f e r e n t  c o o l i n g  methods on knock- l imi ted  performance of R-1830-94 
m u l t l c y l l ~ d e r  eng lne .  h g i n e  speed,  2250 rpm; low blower r a t i o ;  c a r b u r e t o r - a l r  tempera- 
t u r e ,  100 F ;  f u e l ,  2 8 4 .  Auxiliary b o o s t  used a t  a l l  p o i n t s .  
N A C A  RM No.  E 7 A 3 G  F i g e  7 
F l g u r e  7 .  - Comparison of knock- l iml ted  performance d a t a  o b t a i n e d  w i t h  R-1830-94 m u l t l -  
cylinder eng lne  on t e s t  s t a n d  with d a t a  t aken  a t  t h e  same c o n d l t l o n s  on s l m l l a r  eng lne  
l n  flight. Engine speed ,  1800 r p m ;  low blower r a t i o :  c a r b u r e t o r - a i r  t empera tu r r .  100v F 
f o r  t e s t - s t a n d  e n g l n e ,  900 F f o r  f l i g h t  e n g l n e ;  spark  advanre ,  25O B.T.C. ; f u e l ,  28-R. 
A u x i l l a r y  b o o s t  used a t  a l l  p o i n t s .  
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( a )  Engine speed,  2600 rgm. (b) Engine speed, 2800 rpm. 
Figure 8 .  - Knock-llmlted performance o f  R-1830-94 multicyllnflep engine compared t o  that  
of  R-1830-94 s i n g l e  cy l inder  mounted on CUE crankcase, (Multfcyl lnder curves from f i g s .  
2(c) and 2 ( d ) . )  
